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INTRODUCTION 

Maintaining  the  fertility  of  the  soil  by  means  of  fertilizers  is  one 
of  the  important  agricultural  problems.  The  use  of  crop  and  animal 
wastes  and  other  substances  containing  organic  materials  to  fertilize 
land  dates  back  at  least  to  1000  B.  C,  w^hile  chemical  fertilizers  as 
such  have  been  used  less  than  a  century.  The  present  chemical  fer- 
tilizer practices  may  be  said  to  have  had  their  inception  in  1840,  when 
Liebig  in  Germany  showed  how  the  productivity  of  the  soil  could  be 
increased  by  the  application  of  the  proper  chemical  compounds.  A 
practical  process  for  treating  phosphate  rock  with  sulfuric  acid  to 
produce  available  phosphoric  acid  in  a  material  now  known  as  super- 
phosphate was,  no  doubt,  the  first  step  in  the  development  of  the 
chemical  fertilizer  industry.  This  process  was  established  and 
patented  by  Lawes  in  England  in  1842.  By  the  time  of  the  Civil 
War,  in  addition  to  manure,  leafmold,  marl,  fish,  ground  bone,  and 
wood  ashes,  which  had  been  used  by  the  early  colonists  in  this  coun- 
try, cottonseed,  a  small  amount  of  sulfate  of  ammonia,  nitrate  of  soda, 

i  The  writer  wishes  to  acknowledge  the  assistance  given  by  the  staff  of  the  Fertilizer  Research  Division, 
especially  A.  L.  Mehring,  K.  G.  Clark,  and  Albert  R.  Merz. 
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Peruvian  guano,  superphosphate,  and  spent  bone  black  were  used. 
Table  1  indicates  the  present  magnitude  and  value  of  the  fertilizer 
industry  in  the  United  States. 

Table  1. — Materials  consumed  as,  or  used  in  the  manufacture  of,  fertilizer  in  the 
United  States  1  in  1937  and  their  value  at  -place  of  production  or  ports 


Item 

Quantity 

Wholesale 

price  per 

ton 

Total  value 

Phosphate  rock ..                  .         .._-...        ...  .. 

Tons 

1,800,000 

2, 000, 000 

190,  000 

550,  000 

76,  000 

160, 000 

120,  000 

800,  000 

760,  000 

100,  000 

310,  000 

690,  000 

1,  050,  000 

Dollars 
3.00 
10.00 
23.00 
28.00 
36.00 
13.00 
22.00 
26.00 
27,00 
50.  00 
30.00 
33.00 
1.00 

Dollars 
5,400,000 
20,  000, 000 

4,  370, 000 
15,  400, 000 

2,  736, 000 
2, 080,  000 
■     2, 640, 000 
20,  800, 000 
20,  520, 000 

5,  000. 000 
9,  300,  000 

22, 770, 000 
1, 050, 000 

Sulfuric  acid  (50°  Baume) 

Bonemeal  and  other  phosphates ..... 

Muriate  of  potash. _       .             _____           _     

Sulfate  of  potash    _ __ 

Manure  salts  and  kainit _      _                   . 

Other  potash  materials 

Sodium  nitrate     __        -        _          _      ____. 

Anhydrous  ammonia  and  ammonia  liquors _ 

Other  chemical  nitrogenous  materials    __.__      ...     ..      __._ 

Total                                 

8,  606,  000 

15.35 

132, 066, 000 

i  Including  Hawaii  and  Puerto  Rico. 

The  results  of  discoveries  and  of  chemical  research  are  largely  re- 
sponsible for  the  decline  in  the  prices  of  fertilizers,  which  are  now  less 
than  half  of  what  they  were  in  1880,  when  systematic  records  in  the 
fertilizer  trade  were  first  kept  in  this  country. 

In  1937,  although  it  had  only  one-sixteenth  of  the  population  of 
the  world,  the  United  States  used  one-fifth  of  the  world  production  of 
44,000,000  tons  2  of  manufactured  fertilizer.  Table  2,  compiled  from 
data  published  in  The  Fertilizer  Heview,  shows  the  consumption  of 
fertilizer  in  the  United  States  from  1910  to  1939. 

In  recent  years  more  than  30  kinds  of  material  have  been  used  in 
making  commercial  fertilizers  in  the  United  States.  The  greater  part, 
both  in  tonnage  and  value,  of  agricultural  chemicals,  that  is,  chemically 
processed  materials  used  on  the  farm,  go  into  fertilizers.  In  1937  raw 
materials  valued  at  $132,066,000  were  processed.  The  processed  ma- 
terials, which  had  a  wholesale  value  of  $170,000,000,  were  sold  to  the 
farmer  for  $220,000,000. 

The  expenditure  for  fertilizer  by  the  farmer  during  the  past  25  years 
ranged  from  1.80  to  2.86  percent  of  the  gross  farm  income.  It  was 
2.52  percent  in  1938.  It  is  exceeded  in  the  cost  of  crop  production 
by  only  5  other  items — farm  equipment,  labor,  feed,  interest,  and 
taxes.  "  On  the  average,  the  farmer  pays  $200,000,000  for  7,000,000 
tons  of  fertilizers  annually. 

The  commercial  fertilizer  used  in  the  United  States  each  year  con- 
tains an  average  of  278,000  tons  of  nitrogen  (N),  665,000  tons  of 
phosphoric  acid  (P205),  and  276,000  tons  of  potash  (K20),  or  a  total 
of  1,219,000  tons  of  plant  food,  with  a  ratio  of  approximately  1:2:1. 
The  amounts  are  given  in  terms  of  N,  P205,  and  K20  because  this  is 
now  the  established  usage  in  listing  plant-food  materials.  If  listed  in 
terms  of  N,  P,  and  K,  the  amounts  would  be  278,000  tons  of  nitrogen, 
290,000  tons  of  phosphorus,  and  229,000  tons  of  potassium,  or  a  ratio 
of  1.00:1.04:0.824.  This  is  probably  a  better  method  of  comparison 
than  the  N:P205:K20  ratio. 

2  Short  tons  (2,000  pounds)  is  the  unit  used  here  and  throughout  the  publication. 
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Other  elements,  although  of  secondary  importance  to  N,  P,  and  K, 
are  essential  to  plant  growth  and  must  be  supplied  to  soils  deficient 
in  them.  Calcium,  magnesium,  and  sulfur  are  representative  of  these 
elements. 

Zinc,  copper,  manganese,  iron,  and  boron  are  termed  minor  plant- 
food  elements  since  they  are  utilized  in  small  amounts  in  the  growth 
processes.  These  elements,  in  the  form  of  salts,  are  usually  supplied 
to  soils  in  which  they  are  deficient,  at  the  rate  of  a  few  pounds  per 
acre. 


□  Nitrogen 

■  Calcium 

H  Phosphorus 

E]  Magnesium 

H  Potassium 

□  Sulfur 

Mii 


Corn  Hay  Wheat  Oats  Cotton  Barley  Potatoes        Tobacco 

2-14-39 

Figure  1.— Plant-food  elements  removed  from  the  soil  by  various  crops. 

Figure  1  gives  the  average  quantities  of  plant-food  elements  removed 
by  some  of  the  principal  crops  grown  in  the  United  States.  These 
quantities  are  based  on  the  average  yield  of  the  crop  for  the  10-year 
period  1927-36. 

FOREIGN  TRADE  IN  FERTILIZERS  AND  FERTILIZER 

MATERIALS 

Foreign  trade  in  fertilizers  and  fertilizer  materials  is  of  considerable 
importance  to  the  United  States  and  its  agriculture.  In  1938  the  total 
exports  were  1,756,806  tons  with  a  value  of  $16,531,184,  which  ex- 
ceeded the  tonnage  exported  in  1937  by  3  percent  although  the  value 
was  2%  percent  less.  In  1938  the  imports  totaled  1,739,967  tons, 
valued  at  $36,496,039.  This  was  24  percent  less  in  volume  and  22 
percent  less  in  value  than  the  imports  in  1937. 

Since  it  costs  as  much  to  ship  a  ton  of  fertilizer  200  miles  by  rail  as 
it  does  to  ship  it  several  thousand  miles  by  steamship  and  since  there 
are  no  import  duties  on  fertilizer  materials  coming  into  the  country, 
it  is  possible  for  European  potash  to  compete  in  the  United  States 
with  potash  produced,  for  instance,  at  Carlsbad,  N.  Mex.  The  At- 
lantic coast  is  also  favorably  located  for  the  importation  of  nitrate  of 
soda,  ammonium  sulfate,  and  other  fertilizer  materials,  while  the 
Pacific  coast  is  favorably  located  for  the  exportation  to  the  Orient  of 
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fertilizer  products  now  produced  in  the  West  in  excess  of  the  local 
demands.  Since  fertilizers  are  relatively  bulky  in  comparison  with 
their  value,  the  cost  of  transportation  is  a  very  important  item  and 
often  limits  their  use. 

NITROGEN 

Sources  of  nitrogen  for  agricultural  crops  are  considerably  different 
from  sources  of  phosphoric  acid  and  potash.  Nitrogen  for  plant 
growth  is  furnished  by  the  addition  of  fertilizers  to  the  soil,  by  rain 
and  snow,  and  by  biochemical  nitrogen  fixation  through  micro- 
organisms either  living  free  in  the  soil  or  in  the  nodules  of  leguminous 
plants.  Roughly  two-thirds  of  the  nitrogen  utilized  by  crops  is 
obtained  by  biochemical  fixation. 

The  commercial  sources,  exports,  and  consumption  of  nitrogen  in 
the  United  States  during  1937  were  as  follows: 

Tons 

Inorganic  byproduct  nitrogen 150,  000 

Synthetic  nitrogen 195,  000 

Organic  nitrogen 60,  000 

Imports 182,  000 

Exports 37,  000 

Consumed  in  fertilizers 437,  000 

Consumed  in  other  industries 130,  000 

The  nitrogenous  materials  entering  foreign  trade  in  1938  are  given 
in  the  following  tabulation. 

Tons  of 

Imports:  nitrogen 

Sodium  nitrate  * 92,  000 

Ammonium  sulfate 25,  000 

Cvanamid 26,  000 

Cal-Nitro 12,000 

Crude  potassium  nitrate 7,  000 

Calcium  nitrate 4,  000 

Other  fertilizer 14,  000 

Industrial  chemicals 2,  000 

Total 182,000 

Exports: 

Sodium  nitrate 25,  000 

Ammonium  sulfate 6,  000 

Ammonium  phosphate 3,  000 

Other  materials  for  use  as  fertilizers 1,  000 

Industrial  chemicals 2,  000 

Total 37,000 

»  Sodium  nitrate  was  imported  primarily  from  Chile.      The  entire  Chilean  production  for  1935  was  211 ,584 
tons. 

Byproduct  Inorganic  Nitrogen 

Byproduct  inorganic  nitrogen  is  obtained  in  the  form  of  ammonia 
in  the  coking  of  coal  for  the  steel  industry.  The  annual  production 
of  byproduct  ammonia  or  nitrogen  therefore  depends  largely  on  the 
extent  of  the  operation  of  blast  furnaces  for  the  production  of  pig 
iron.  On  the  average,  about  1  ton  of  nitrogen  may  be  recovered  in 
the  form  of  ammonia  in  the  production  of  300  tons  of  coke.  A  maxi- 
mum production  of  188,000  tons  of  byproduct  nitrogen  was  obtained  in 
1929  from  about  100  coke  works  in  21  States  and  a  large  number  of 
gas  works  and  bone-charring  factories.     Had  the   188,000  tons  of 
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nitrogen  all  been  converted  into  ammonium  sulfate,  900,000  tons  of 
the  latter  would  have  resulted.  The  conversion  process  consists  of 
bubbling  the  gases  that  contain  the  ammonia  through  sulfuric  acid. 
The  ammonia  combines  with  the  sulfuric  acid  to  form  ammonium 
sulfate,  which  gradually  accumulates  in  the  sulfuric  acid  solution  until 
crystals  form.  These  ammonium  sulfate  crystals  are  then  separated 
from  the  liquor  by  means  of  centrifugal  machines,  washed,  and  dried. 
Ammonium  sulfate  contains  20.6  to  21  percent  of  water-soluble 
nitrogen. 

Commercial  Atmospheric  Fixed  Nitrogen 

The  supply  of  nitrogen  hi  the  air  is  inexhaustible.  There  are  about 
35,000  tons  over  every  acre  of  the  earth's  surface.  Figure  2,  which 
shows  the  phenomenal  world  growth  of  the  synthetic  nitrogen  indus- 
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Figure  2. 


World  production  of  fixed  nitrogen  in  the  form  of  various  materials 
from  1910  to  1938. 


try,  indicates  a  maximum  world  production  of  2,420,000  tons  in  1938, 
with  a  total  capacity  estimated  at  about  twice  this  amount. 

In  the  direct  synthetic  ammonia  process  1  part  of  nitrogen  and  3 
parts  of  hydrogen  are  combined  directly  by  means  of  a  catalyst  to 
form  ammonia.  The  temperature  ranges  from  750°  to  1,300°  F.,  and 
the  pressure  ranges  from  100  to  1,000  times  atmospheric  pressure, 
depending  on  the  process  employed.  The  hydrogen  is  obtained  either 
by  treating  coke  with  steam,  by  the  electrolysis  of  water,  or  as  by- 
product hydrogen  from  fermentation.  A  list  of  the  synthetic-nitrogen 
plants  operating  in  the  United  States  in  1937  and  their  estimated 
capacity  for  that  year  is  given  in  table  3. 
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Table   3. — Synthetic-nitrogen  plants  operating  in  the  United  States  in  1937  and 
their  capacity  for  that  year 


Company 

Location  of  plant 

Nitrogen 
capacity 

Mathieson  Alkali  Works  (Inc.) 

E.  I.  du  Pont  de  Nemours  &  Co.  (Inc.),  Ammonia  Department 

E.  I.  du  Pont  de  Nemours  &  Co.  (Inc.),  R.  &  H.  Chemicals  Dept 

Great  Western  Electro-chemical  Co 

Niagara  Falls,  N.  Y__. 

Belle,  W.  Va 

Niagara  Falls,  N.  Y._ 

Pittsburg,  Calif 

Hopewell,  Va 

Midland,  Mich 

Pittsburg,  Calif 

Wyandotte,  Mich 

Tons 

4,800 
100,  000 

3,000 
750 

The  Solvay  Process  Co.,  Nitrogen  Division 

200,000 
4,000 
24  000 

Shell  Chemical  Co                                          _  .     . 

Pennsylvania  Salt  Manufacturing  Co       _           ...... 

4,800 

Total 

341  350 

Synthetic  Sodium  Nitrate 

One  company  in  the  United  States,  The  Solvay  Process  Co.,  Hopewell, 
Va.,  is  producing  synthetic  nitrate  of  soda.  In  this  process  synthetic 
ammonia  is  converted  to  oxides  of  nitrogen  by  passing  the  ammonia 
over  a  catalyst  at  about  1,380°  F.  The  oxides  of  nitrogen  absorbed 
in  water  are  neutralized  by  soda  ash  (sodium  carbonate)  and  evapo- 
rated to  dryness,  giving  sodium  nitrate,  a  white  salt,  containing  16.2 
percent  of  nitrogen  and  readily  soluble  in  wrater.  Sodium  nitrate  is 
also  produced  by  the  reaction  of  the  nitrogen  oxides  with  sodium 
chloride.  The  same  company  makes  two  liquors,  known  in  the  trade 
as  crude  nitrogen  solution,  or  Nitrogen  Solution  I,  consisting  of  sodium 
nitrate  dissolved  in  ammonia  liquor,  and  Nitrogen  Solution  II,  con- 
sisting of  ammonium  nitrate,  ammonia,  and  water.  The  nitrogen 
content  of  these  liquors  is  about  44  and  37.5  percent,  respectively. 
They  are  shipped  in  tank  cars  and  used  directly  in  the  manufacture  of 
fertilizers. 

Synthetic  Urea 

One  plant  in  the  United  States,  the  E.  I.  du  Pont  de  Nemours  &  Co. 
(Inc.),  Ammonia  Department,  Belle,  W.  Va.,  is  producing  urea. 
Liquid  ammonia  and  liquid  carbon  dixoide  are  brought  together  in  a 
reaction  chamber  at  about  350°  F.  and  at  pressures  above  100  atmos- 
pheres, forming  a  liquor  containing  urea,  ammonia,  and  ammonium 
carbamate.  This  liquor  in  two  grades,  containing  15  and  20  percent 
urea  nitrogen,  is  now  being  shipped  in  tank  cars  and  used  directly  in 
the  manufacture  of  fertilizer.  Both  grades  contain  about  45.5  percent 
of  total  nitrogen.  Crystalline  urea  is  also  obtained  from  this  liquor 
by  a  relatively  simple  process,  giving  another  fertilizer  material  con- 
taining 46  percent  of  nitrogen. 

Uramon,  containing  42  percent  of  nitrogen  in  the  form  of  urea,  is 
now  available  in  considerable  tonnage  as  a  fertilizer. 

Ureor,  recently  imported  from  Europe  in  small  amounts  for  fer- 
tilizer, is  a  commercial  form  of  urea  containing  40  percent  of  nitrogen. 
Calsi-Ureor,  a  similar  imported  commercial  form  of  urea,  contains  30 
percent  of  nitrogen  and  a  magnesium-containing  limestone. 

Cyanamid 

Cyanamid  is  not  manufactured  in  this  country.  However,  133,414 
short  tons  were  imported  in  1938,  manufactured  at  the  plant  of  the 
American  Cyanamid  Co.,  Niagara  Falls,  Canada.     The  three  prin- 
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cipal  steps  in  its  manufacture  are  (1)  producing  calcium  carbide  by 
burning  limestone  to  lime  and  fusing  the  lime  with  coke  in  an  electric 
furnace;  (2)  separating  nitrogen  from  the  air  in  a  fairly  pure  state; 
and  (3)  treating  the  finely  powdered,  highly  heated  carbide  with  the 
nitrogen,  resulting  in  the  fixation  of  nitrogen  as  Cyanamid,  a  product 
containing  22.3  percent  of  nitrogen. 

Cal-Nitro  is  a  mixture  of  calcium  carbonate  and  ammonium  nitrate. 
The  calcium  carbonate  may  be  either  a  byproduct  or  ground  limestone. 
This  material  was  first  produced  in  Germany,  but  it  is  now  manufac- 
tured in  other  countries  in  Europe  by  modifications  of  the  German 
process.  Two  grades,  containing  16  and  20.5  percent  of  nitrogen, 
respectively,  are  now  available.  Calcium  nitrate  is  produced  by 
treating  limestone  with  nitric  acid.  It  contains  16.1  percent  of 
nitrogen. 

Organic  Nitrogen  Carriers 

The  organic  ammoniates  are  of  vegetable  or  animal  origin,  and  some 
carry  small  amounts  of  phosphoric  acid  and  potash  in  addition  to  the 
nitrogen.  The  increasing  demand  for  some  of  these  materials  for 
cattle  feed  is  decreasing  the  amount  going  into  fertilizers.  However, 
a  rather  large  quantity  is  still  consumed  as  fertilizers.  The  f  olio  wing- 
tab  ulation  shows  the  organic  materials  used  as  fertilizers  in  1937. 

Tons 

Cottonseed  meal 125,  000 

Process  tankage „ 118,  000 

Animal  tankage  and  dried  blood 45,  000 

Garbage  tankage 63,  000 

Fish  scrap 79,  000 

Guano 71,000 

Bones 85,  000 

Sewage  sludge 92,  000 

Tobacco  stems 90,  000 

Other  organic  ammoniates 96,  000 

Total 864,000 

Waste  Organic  Materials 

Sewage  sludge  and  garbage  are  the  two  principal  sources  of  waste 
organic  materials  practically  unused  at  present  but  of  potential  com- 
mercial fertilizer  value.  Numerous  attempts  have  been  made  to  use 
these  as  fertilizer  material,  but  none  has  been  entirely  successful 
economically.  It  is  estimated  that  there  is  an  annual  loss  of  more 
than  417,000  tons  of  nitrogen,  120,000  tons  of  phosphoric  acid,  and 
92,000  tons  of  potash  in  the  unused  sewage  and  garbage  of  the  larger 
urban  communities.  The  nitrogen  wasted  is  comparable  in  quantity 
to  that  consumed  in  commercial  fertilizers.  At  the  present  prices  of 
inorganic  fertilizers,  the  three  plant-food  elements  lost  have  a  whole- 
sale value  of  $65,000,000  annually. 

Wholesale  Cost  of  Fertilizer  Nitrogen 

The  phenomenal  growth  of  the  synthetic  nitrogen-fixation  industry 
since  the  World  War  has  very  greatly  affected  the  relative  quantities 
of  the  nitrogenous  materials  used  as  fertilizers  and  their  relative 
prices.     By  the  synthetic  method  it  is  possible  to  produce  an  almost 
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unlimited  supply  of  fixed  nitrogen  for  agriculture,  as  well  as  for  nitrates 
for  explosives  for  public  defense. 

The  establishment  of  nitrogen-fixation  plants  is  beyond  a  doubt 
motivated  by  the  thought  of  national  independence  in  this  basic 
necessity  in  times  of  war.  The  increasing  production  of  synthetic 
ammonia  and  synthetic  sodium  nitrate  in  this  country  since  about  1923 
has  been  a  major  factor  in  the  present  low  cost  of  fertilizer  nitrogen. 
Figure  3  lists  the  average  wholesale  price  of  nitrogen  in  various  mate- 
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Figure  3. — Annual  average  wholesale  spot  price  per  unit  of  nitrogen  in  various 
materials  at  producing  points  or  ports  in  bulk  from  1880  to  1938. 

rials  used  in  fertilizers  from  1880  to  1938,  inclusive.  Fertilizer  nitro- 
gen is  now  available  at  a  wholesale  price  as  low  as  5%  cents  a  pound. 
The  growing  demand  for  organic  ammoniates  such  as  cottonseed 
meal,  fish  scrap,  animal  tankage,  and  dried  blood  for  cattle  feed  has 
increased  the  wholesale  price  of  the  nitrogen  in  the  organic  ammoniates 
from  two  to  four  times  the  cost  of  nitrogen  in  anhydrous  ammonia  and 
ammonium  sulfate. 

PHOSPHATES 


Phosphate  Rock 

Phosphate  fertilizers  are  produced  largely  by  chemically  treating 
phosphate  rock.  The  United  States  is  especially  fortunate  in  that  it 
has  the  most  extensive  deposits  of  phosphate  rock  discovered  to  date. 
The  supply  is  estimated  at  approximately  8.1  billion  tons,  out  of  a 
total  world  supply  conservatively  estimated  at  19.3  billion  tons. 
At  the  present  rate  of  consumption  the  United  States  deposits  will 
supply  the  entire  domestic  requirements  for  phosphates  for  approxi- 
mately 2,000  years.  At  the  present  rate  of  production  the  deposits 
now  being  worked,  largely  those  of  Florida  and  Tennessee,  should 
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supply  the  country's  needs  for  200  years.  The  extensive  deposits  of 
Idaho,  Montana,  Utah,  and  Wyoming,  which  are  not  appreciably 
developed,  constitute  a  reserve  for  centuries  to  come. 

The  world  production  of  phosphate  rock  amounted  to  approximately 
13,193,000  short  tons  in  1937,  of  which  the  United  States  produced 
3,754,000  tons,  or  28  percent.  In  1937,  95,349  tons  of  mineral  phos- 
phate in  the  form  of  very  fine  pond  settlings  and  as  finely  ground 
phosphate  rock  were  applied  directly  to  the  soil  as  fertilizer.  In 
general,  finely  divided,  raw  material  phosphate,  which  usually  con- 
tains about  2  percent  and  almost  always  less  than  5  percent  of  avail- 
able P205,  as  determined  by  the  official  ammonium  citrate  method,  is 
not  utilized  as  readily  by  plants  as  is  the  chemically  processed  material. 

Superphosphate 

The  leading  phosphate  fertilizer  in  both  quantity  and  value  in  the 
United  States  and  in  the  world  is  superphosphate.  In  1937  production 
of  superphosphate  reached  the  world  peak  of  18,535,000  tons.  About 
90  percent  of  the  phosphate  fertilizer  consumed  in  the  United  States 
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Figure  4. — Annual  production  and  average  wholesale  price  of  superphosphate 

from  1910  to  1938. 

in  1937  was  used  in  this  form.  Superphosphate  is  made  by  mixing 
1  part,  by  weight,  of  finely  ground  phosphate  rock  with  a  quantity  of 
sulfuric  acid  equivalent  to  about  1  part  of  50°  Baume  acid.  The 
sulfuric  acid  converts  the  insoluble  phosphoric  acid  of  the  rock  into 
forms  that  can  be  readily  utilized  by  plants.  The  mixture  of  phos- 
phate rock  and  sulfuric  acid  is  vigorously  stirred  for  a  few  minutes 
and  then  discharged  into  a  den,  where  it  soon  solidifies.  It  is  usually 
allowed  to  remain  here  for  several  hours0     The  product  is  then  trans- 
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f erred  to  the  storage  pile,  where  it  is  usually  left  for  several  weeks  to 
improve  the  physical  condition  of  the  material  and  increase  the  avail- 
ability of  the  phosphoric  acid.  The  content  of  available  P205  in  the 
product  ordinarily  ranges  from  16  to  20  percent,  depending  on  the 
grade  of  rock  used.  As  superphosphate  contains  about  50  percent  of 
calcium  sulfate,  it  is  a  valuable  source  of  sulfur  for  soils  deficient  in 
this  element. 

The  trend  in  production  and  price  of  superphosphate  is  shown  in 
figure  4.  The  production  figures  show  the  total  actual  tonnage  of  all 
superphosphates  produced,  including  double  superphosphate,  wet 
mixed  base,  and  limed  superphosphate.  The  prices  are  for  run-of-pile 
material  in  bulk  f.  o.  b.,  Baltimore,  Md.  Run-of-pile  implies  that 
the  purchaser  accepts  the  P205  content  of  the  pile  whatever  it  may  be. 
It  ranges  from  16  to  20  percent,  depending  on  the  rock  and  varia- 
tions in  processing. 

Double  or  Triple  Superphosphate 

Double  or  triple  superphosphate,  which  usually  contains  42  to  50 
percent  of  available  P205,  is  made  by  treating  finely  ground  phosphate 
rock  with  liquid  phosphoric  acid.  The  phosphoric  acid  so  used  is 
produced  by  treating  phosphate  rock  with  sulfuric  acid  or  by  smelting 
a  mixture  of  phosphate  rock,  silica,  and  coke  in  an  electric  or  blast 
furnace.  In  1937  about  125,000  tons  of  double  superphosphate  were 
produced  and  sold  in  the  United  States.  In  addition,  during  the 
year  ending  June  30,  1937,  the  Tennessee  Valley  Authority  distributed 
34,000  tons  of  triple  superphosphate  to  farmers  for  experimental 
demonstrations,  largely  within  the  Tennessee  Valley.  The  phos- 
phoric acid  used  by  the  Tennessee  Valley  Authority  in  manufacturing 
triple  superphosphate  at  Muscle  Shoals  is  made  by  the  electric  furnace 
process,  whereas  the  phosphoric  acid  used  by  the  fertilizer  industry 
in  manufacturing  triple  superphosphate  is  made  principally  by  the 
sulfuric  acid  process,  although  some  is  made  by  the  electric  and 
blast-furnace  processes.  The  total  production  of  triple  superphos- 
phate by  the  Tennessee  Valley  Authority  to  July  1,  1938,  was  127,659 
tons.  In  1937  the  imports  of  superphosphate  containing  more  than 
20  percent  of  P205  totaled  14,733  tons. 

Basic  Slag 

Thirty-six  thousand  tons  of  open-hearth  basic  slag  containing 
about  9  percent  of  P205  were  produced  in  the  United  States  in  1936. 
In  the  same  year  1,000  tons  of  basic  slag  containing  15  to  16  percent 
of  P205  were  imported  from  Europe. 

Bonemeal 

In  1937  about  85,000  tons  of  bonemeal  containing  22  percent  of 
P2O5  were  consumed  in  the  United  States. 

Proposed  New  Phosphate  Fertilizers 

During  the  fiscal  year  1938  the  Tennessee  Valley  Authority  pro- 
duced on  a  pilot-plant  scale,  4,246  tons  of  calcium  metaphosphate,  a 
new  phosphate  fertilizer  material  containing  from  60  to  65  percent 
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of  available  P205.  Calcium  metaphosphate  is  prepared  by  burning 
phosphorus  with  air  and  bringing  the  hot  phosphorus  pentoxide  vapor 
in  contact  with  phosphate  rock.  The  molten  calcium  metaphos- 
phate, which  is  tapped  from  the  bottom  of  the  furnace  at  frequent 
intervals,  solidifies  to  a  glassy  mass  that  can  be  easily  crushed  to  the 
desired  fineness. 

The  Fertilizer  Research  Division  of  the  Bureau  of  Agricultural 
Chemistry  and  Engineering  has  done  considerable  work  on  a  product 
known  as  calcined  or  defluorinated  phosphate  rock.  When  phos- 
phate rock  is  heated  in  the  presence  of  water  vapor  at  about  2,550° 
F.  for  a  short  time,  the  fluorine  is  volatilized,  and  a  product  con- 
taining 30  to  35  percent  of  available  P205  is  obtained.  The  sintered 
or  semifused  clinkers  need  only  to  be  ground  for  use  as  a  fertilizer. 
Although  this  material  has  been  made  successfully  in  rotary  kilns  on 
a  pilot-plant  scale,  attempts  to  produce  it  on  a  commercial  scale  have 
not  given  satisfactory  results. 

An  experimental  furnace  for  the  fusion  and  the  defluorination  of 
phosphate  rock,  giving  a  product  containing  about  30  percent  of 
available  P205,  is  being  developed  by  the  Tennessee  Valley  Authority. 

Phosphates  as  Carriers  of  Nitrogen 

One  of  the  most  significant  advances  in  fertilizer  manufacture  during 
tha  past  10  years  was  the  general  adoption  of  a  practice  of  utilizing 
superphosphate  and  double  superphosphate  to  absorb  free  ammonia. 
Either  anhydrous  or  aqua  ammonia  is  admitted  to  a  closed  rotating 
drum  containing  either  superphosphate  or  double  superphosphate. 
The  heat  generated  by  the  reaction,  together  with  the  rotation  of  the 
drum,  produces  a  very  desirable  granular  product  possessing  excellent 
physical  characteristics.  About  3  percent  of  ammonia  can  easily  be 
added  to  superphosphate  and  up  to  6  percent  of  ammonia  to  double 
superphosphate  without  loss  of  available  plant  food.  There  is  an 
increasing  demand  for  these  ammoniated  products.  Most  of  the 
superphosphate  used  in  making  mixed  fertilizers  in  large  plants  is  now 
ammoniated  in  the  course  of  the  preparation  of  the  fertilizer  mixtures. 

In  1937  about  65,000  tons  of  ammonium  phosphate  were  consumed 
as  fertilizers  in  the  United  States. 

POTASH 

The  potash  industry  in  the  United  States  produces  potash  from 
minerals  mined  near  Carlsbad,  N.  Mex.,  from  the  brine  of  Searles 
Lake  at  Trona,  Calif.,  and  of  Salduro  Marsh,  Wendover,  Utah,  as  a 
byproduct  of  the  cement  industry  at  Security,  Md.,  and  as  a  byprod- 
uct of  the  alcohol  industry  at  Baltimore,  Md. 

The  potash  minerals  that  have  been  identified  in  drill  cores  from 
Texas  and  New  Mexico  include  polyhalite  (hydrous  potassium- 
calcium-magnesium  sulfate),  sylvite  (potassium  chloride),  earn  alii  te 
(hydrous  potassium-magnesium  chloride) ,  kainit  (hydrous  potassium- 
magnesium  chloride-sulf ate) ,  langbeinite  (potassium-magnesium  sul- 
fate), and  leonite  (hydrous  potassium-magnesium  sulfate).  Poly- 
halite is  the  most  abundant  potash  mineral,  followed  by  sylvite. 
Production  of  potash  from  sylvite  deposits  was  begun  by  one  company 
in  1931  and  by  a  second  in  1934.     In  the  same  locality  a  third  com- 
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pany  has  recently  completed  a  shaft  that  cuts  beds  containing  im- 
portant quantities  of  langbeinite  mixed  with  sylvite.  The  proved 
area  of  commercial  potash  salts  in  New  Mexico  covers  33  square 
miles  and  comprises  a  reserve  of  more  than  100,000,000  tons  of  soluble 
potash  salts  averaging  26  to  28  percent  of  actual  potash.  Sylvite, 
carnallite,  and  langbeinite  have  been  found  in  an  area  covering  3,000 
square  miles. 

The  brine  of  Searles  Lake  contains  chlorides,  sulfates,  carbonates, 
and  tetraborates  of  potassium  and  sodium,  and  small  amounts  of  other 
salts.  It  contains  about  1.3  percent  of  sodium  tetraborate  and  2.5 
percent  of  potash.  The  actual  potash  content  has  been  estimated  as 
20,000,000  tons.  This  brine  has  been  used  for  the  manufacture  of 
potash  since  about  1911.  The  production  of  potash  by  solar  evapora- 
tion was  resumed  in  1938,  from  the  brine  of  Salduro  Marsh,  for  the 
first  time  since  the  close  of  the  World  War.  Other  salt  lakes  in  Ne- 
braska, Utah,  Nevada,  and  California  contain  appreciable  quantities 
of  potash,  but  no  reliable  estimates  of  their  total  potash  content  are 
available. 

It  is  believed  that  the  giant  kelps  of  the  Pacific  coast  are  capable  of 
supplying  potash  as  a  byproduct  in  the  manufacture  of  decolorizing 
carbons,  iodine,  ammonia,  acetone,  or  algin.  At  present  no  potash  is 
derived  directly  from  this  source. 

It  is  estimated  that  industrial  wastes  from  the  blast  furnace, 
cement,  alcohol,  and  sugar  industries  are  capable  of  supplving  from 
500,000  to  600,000  tons  of  potash  annually.  In  1938  the  cement  and 
alcohol  industries  marketed  some  potash. 

In  addition  the  United  States  possesses  almost  inexhaustible  re- 
serves of  water-insoluble  potash  minerals.  Large  deposits  of  alunite 
(K2O.3AI2O3.6H2O)  containing  from  9.0  to  11.4  percent  of  potash  are 
found  in  LTtah,  Colorado,  and  Nevada.  It  is  estimated  that  the 
Leucite  Hills  of  Sweetwater  County,  Wyo.,  contain  200,000,000  tons 
of  potash  in  silicate  combination.  The  greensands  of  New  Jersey  are 
believed  to  contain  more  than  257,000,000  tons  of  potash  as  glauconite 
(hydrous  potassium-iron  silicate).  Large  deposits  of  greensands 
occur  also  in  Delaware,  Maryland,  Texas,  and  Virginia.  Many 
million  tons  of  hydrous  potassium  silicates  containing  from  7  to  9 
percent  of  potash  occur  near  Cartersville,  Ga.  Orthoclase  feldspar, 
which  is  widely  distributed  throughout  the  United  States,  also  con- 
tains potash.  The  cost  of  production  of  potash  salts  from  these 
water-insoluble  minerals  is  too  high  at  present,  however,  to  permit 
competition  with  either  the  domestic  or  the  foreign  water-soluble 
sources. 

The  present  capacity  for  potash  production  is  estimated  as  more 
than  400,000  tons  of  potash  annually.  With  the  exception  of  the 
mines  in  New  Mexico,  the  domestic  production  of  potash  is  limited 
to  some  extent  by  the  market  for  the  products  obtained  simultaneously 
with  potash  either  as  a  coproduct  or  as  a  byproduct.  The  production 
for  1938  was  approximately  317,000  tons,  as  is  shown  in  figure  5. 
This  chart  gives  the  domestic  production,  imports,  and  wholesale 
price  of  potash  in  the  form  of  the  muriate  from  1910  to  1938.  The 
magnitude  and  value  of  the  potash  materials  imported  into  the  LTnited 
States  in  1937  and  1938  are  indicated  in  table  4. 
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O    250,000 


1920  1926  1930  1935 

YEAR     (ENDING     DECEMBER    31) 


Figure  5. — Domestic  production,  imports,  and  wholesale  price  of  potash  from 

1910  to  1938. 


Muriate  of  Potash 

Muriate  of  potash,  or  commercial  potassium  chloride,  is  manu- 
factured in  the  United  States  in  grades  containing  from  50  to  63 
percent  of  potash.  It  is  by  far  the  major  source  of  agricultural  potash. 
The  American  Potash  and  Chemical  Corporation  produces  muriate 
by  evaporation  and  fractional  crystallization  of  Searles  Lake  brine. 
Borax,  boric  acid,  salt  cake,  soda  ash,  and  lithium  salts  are  produced 
as  coproducts  with  the  muriate.  Bonneville,  Ltd.,  produces  the 
muriate  at  Wendover,  Utah,  by  solar  evaporation  of  the  brine  of 
Salduro  Marsh. 

Both  the  United  States  Potash  Co.  and  the  Potash  Co.  of  America 
produce  muriate  at  Carlsbad,  N.  Mex.,  from  sylvite-halite  ore  but 
by  totally  different  methods.  The  process  employed  by  the  United 
States  Potash  Co.  is  based  on  the  greater  solubility  of  potassium 
chloride  in  hot  saturated  salt  solutions  than  in  cold  and  the  fact  that 
the  solubility  of  sodium  chloride  varies  only  slightly  with  temperature 
changes.  The  Potash  Co.  of  America  employs  ore-dressing  methods 
for  the  separation  of  sylvite  and  halite.  The  ore  is  ground,  and  the 
sylvite  is  selectively  floated  in  a  saturated  brine  solution  with  the  use 
of  a  frothing  reagent. 

Manure  Salts 

Manure  salts  are  primarily  mechanical  mixtures  of  sodium  and 
potassium  chlorides.  The  sodium  chloride  predominates.  The  usual 
grades  contain  25  to  30  percent  of  potash.     They  are  produced  by 
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mixing  run-of-mine  material  with  muriate  or  with  waste  sodium 
chloride  residues  from  the  preparation  of  the  muriate,  depending  on 
the  composition  of  the  run-of-mine  material  and  the  grade  of  manure 
salts  to  be  produced. 

Katnit 

The  mineral  kainite,  a  hydrous  potassium-magnesium  chloride- 
sulfate,  is  usually  found  associated  with  sodium  and  potassium 
chlorides.  The  mixture,  known  as  kainit,  is  not  produced  in  this 
country  but  as  mined  in  Germany  contains  from  10  to  12  percent  of 
potash.  Originally  this  run-of-mine  material  was  marketed  as  such. 
More  recently  it  has  been  enriched  with  muriate  and  sold  primarily 
as  20  percent  kainit.  However,  since  it  is  not  necessary  to  guarantee 
the  kainit  or  magnesium  content,  various  mixtures  that  may  or  may 
not  contain  kainit  are  marketed  as  kainit.  For  example,  20  percent 
manure  salts  are  now  marketed  as  20  percent  kainit. 

Sulfate  of  Potash-Magnesia 

Sulfate  of  potash-magnesia,  a  double  sulfate  of  potassium  and 
magnesium,  contains  from  48  to  53  percent  of  potassium  sulfate, 
equivalent  to  26  to  28  percent  of  potash,  and  25  to  35  percent  of 
magnesium  sulfate.  The  double  sulfate  separates  as  fine  crystals 
when  kainite  is  dissolved  in  water  or  when  solutions  of  langbeinite  or 
kieserite  (hydrous  magnesium  sulfate)  are  mixed  with  solutions  of 
potassium  chloride.  The  double  sulfate  is  recovered  by  filtration  and 
dried.  Although  sulfate  of  potash-magnesia  has  never  been  pro- 
duced in  this  country,  the  mixtures  of  langbeinite  and  sylvite  cut  by 
the  shaft  of  the  Union  Potash  and  Chemical  Corporation  near  Carls- 
bad, N.  Mex.,  are  potential  sources  of  both  the  double  sulfate  and 
potassium  sulfate. 

Potassium  Sulfate 

Potassium  sulfate  is  precipitated  when  concentrated  solutions  of 
potassium  chloride  and  of  the  double  sulfate  of  potassium  and  mag- 
nesium are  mixed.  The  potassium  sulfate  is  separated  by  filtration 
and  dried.  No  domestic  production  by  this  process  has  been  reported. 
A  small  tonnage  of  potassium  sulfate,  however,  is  being  produced  from 
potassium  chloride  and  sulfuric  acid  in  the  production  of  hydrochloric 
acid  for  use  in  working  oil  wells.  The  North  American  Cement 
Corporation,  Security,  Md.,  by  fractional  precipitation  of  cement-kiln 
dust  recovers  a  product  that  contains  about  22  percent  of  potash, 
combined  chiefly  as  the  sulfate. 

Vegetable  Potash 

The  United  States  Industrial  Chemical  Co.,  Baltimore,  Md., 
incinerates  evaporated  distillery  waste  produced  in  the  manufacture 
of  cane  molasses  and  markets  the  char  in  two  grades,  containing  33.5 
and  55  percent  of  potash,  under  the  trade  name  Vegetable  Potash. 
The  55-percent  grade  is  essentially  a  mixture  of  the  sulfate  and 
chloride. 
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Potassium  Nitrate 

No  potassium  nitrate  is  produced  in  this  country  for  agricultural 
purposes.  The  bulk  of  the  material  reaching  the  market  is  Chilean 
saltpeter  or  Nitrapo,  an  imported  mixture  of  sodium  and  potassium 
nitrates  containing  about  14  percent  of  potash,  as  compared  with 
46.6  percent  for  pure  potassium  nitrate.  A  smaller  quantity  of 
crude,  approximately  95-percent  potassium  nitrate  or  Potnit  is 
imported,  chiefly  from  Europe. 

Potassium  Metaphosphate 

Preliminary  vegetative  tests  have  shown  that  potassium  meta- 
phosphate is  an  excellent  source  of  both  potash  and  phosphoric  acid. 
It  is  nonhygroscopic,  nearly  water  insoluble,  and  on  the  basis  of  its 
composition,  40  percent  of  potash  and  60  percent  of  phosphoric 
oxide,  it  is  a  100-percent  plant  food.  Methods  for  its  production 
from  potassium  chloride  and  phosphoric  acid  or  oxide  are  being 
studied  by  the  Department. 

Tobacco  Stems 

In  1937,  90,000  tons  of  tobacco  stems,  containing  about  5  percent 
of  K20,  were  consumed  as  fertilizer. 

FERTILIZER  PLANTS  AND  MANUFACTURERS 

The  United  States  Census  Bureau  reported  638  fertilizer  establish- 
ments in  1929,  522  in  1933,  670  in  1935,  and  743  in  1937.  These  are 
engaged  primarily  in  the  production  of  commercial  fertilizer  (mixed 
fertilizers  and  superphosphates).  They  do  not  include  the  firms  en- 
gaged in  the  production  of  fertilizer  materials  other  than  superphos- 
phate or  about  300  plants  with  an  annual  production  valued  at  less 
than  $5,000,  since  these  account  for  a  negligible  portion  of  the  na- 
tional output.  About  three-fourths  of  the  plants  are  dry-mixing 
plants,  that  is,  they  take  in  finished  raw  materials  and  prepare  mixed 
fertilizers.  About  200  plants  produce  superphosphate,  and  half  of 
these  have  their  own  sulfuric  acid  plants. 

Figure  6  indicates  the  location  of  the  larger  plants  that  either 
process  the  materials  or  fabricate  mixed  fertilizers  and  superphos- 
phates.3 

The  American  Fertilizer  Hand  Book  and  the  Yearbook  of  Com- 
mercial Fertilizer,  which  are  available  in  the  larger  libraries  and  at 
most  State  experiment  stations,  give  lists  of  fertilizer  manufacturers 
and  locations  of  plants  as  well  as  information  about  the  production 
and  consumption  of  fertilizers. 


3  Prom  data  given  in  The  Fertilizer  Review  v.  13,  p.  8.  1938. 
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ORGANIZATION  OF   THE  UNITED    STATES  DEPARTMENT  OF  AGRICULTURE 
WHEN  THIS  PUBLICATION  WAS  LAST  PRINTED 


Secretary  of  Agriculture Claude  R.  Wickard. 

Under  Secretary Paul  H.  Appleby 

Assistant  Secretary Grover  B.  Hill. 

Director  of  Information M.  S.  Eisenhower. 

Director  of  Extension  Work M.  L.  Wilson. 

Director  of  Finance W.  A.  Jump. 

Director  of  Personnel Roy  F.  Hendrickson. 

Director  of  Research James  T.  Jabdine. 

Director  of  Marketing Milo  R.  Perkins. 

Solicitor Mastin  G.  White. 

Land  Use  Coordinator M.  S.  Eisenhower. 

Office  of  Plant  and  Operations Arthur  B.  Thatcher,  Chief. 

Office  of  C.  C.  C.  Activities Fred  W.  Morrell,  Chief. 

Office  of  Experiment  Stations James  T.  Jardine,  Chief. 

Office  of  Foreign  Agricultural  Relations Leslie  A.  Wheeler,  Director. 

Agricultural  Adjustment  Administration R.  M.  Evans,  Administrator. 

Bureau  of  Agricultural  Chemistry  and  Engi-  Henry  G.  Knight,  Chief. 
neering. 

Bureau  of  Agricultural  Economics H.  R.  Tolley,  Chief. 

Agricultural  Marketing  Service C.  W.  Kitchen,  Chief. 

Bureau  of  Animal  Industry John  R.  Mohler,  Chief. 

Commodity  Credit  Corporation Carl  B.  Robbins,  President. 

Commodity  Exchange  Administration Joseph  M.  Mehl. 

Bureau  of  Dairy  Industry O.  E.  Reed,  Chief. 

Bureau  of  Entomology  and  Plant  Quarantine-  Lee  A.  Strong,  Chief. 

Farm  Credit  Administration A.  G.  Black,  Governor. 

Farm  Security  Administration __  C.  B.  Baldwin,  Administrator  . 

Federal  Crop  Insurance  Corporation Leroy  K.  Smith,  JSJanagcr. 

Forest  Service i Earle  H.  Clapp,  Acting  Chief. 

Bureau  of  Home  Economics Louise  Stanley,  Chief. 

Library Claribel  R.  Barnett,  Librarian. 

Bureau  of  Plant  Industry E.  C.  Auchter,  Chief. 

Rural  Electrification  Administration Harry  Slattery,  Administrator. 

Soil  Conservation  Service H.  H.  Bennett, Chief. 

Surplus  Marketing  Administration Milo  R.  Perkins,  Administrator. 
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